Introduction Unsafe abortion is a preventable cause of maternal mortality. While studies report high number of abortions in India, the population-level rates of unsafe abortion and their risk factors are not well understood. Our objective was to analyse the rates of and risk factors for unsafe abortion and abortion-related maternal death in India. Methods We conducted a secondary analysis of data from 1 876 462 pregnant women aged 15-58 years from nine states in the Indian Annual Health Survey (2010) (2011) (2012) (2013) . We calculated the rate of unsafe abortion and abortion-related mortality with 95% CI. Multivariable logistic regression models examined the associations of sociodemographic characteristics, health seeking behaviours and family planning with unsafe abortion and abortion-related mortality. results There were 89 447 abortions among 1 876 462 pregnant women in 2007-2011 (4.8%; 95% CI 4.8 to 4.9). Of these, 58 266 were classified as unsafe (67.1%; 95% CI 66.7 to 67.5). There were 253 abortion-related maternal deaths (0.3%; 95% CI 0.2 to 0.3). Factors associated with unsafe abortion: maternal age 20-24 years (adjusted OR (aOR): 1.13; 95% CI 1.09 to 1.18), illiteracy (aOR: 1.48; 95% CI 1.39 to 1.59), rural residence (aOR: 1.26; 95% CI 1.21 to 1.32), Muslim religion (aOR: 1.16; 95% CI 1.12 to 1.22), Schedule caste social group (aOR: 1.08; 95% CI 1.04 to 1.12), poorest asset quintile (aOR: 1.45; 95% CI 1.38 to 1.53), antenatal care (aOR: 0.69; 95% CI 0.67 to 0.72), no surviving children (aOR: 1.30; 95% CI 1.16 to 1.46), all surviving children being female (aOR: 1.12; 95% CI 1.07 to 1.17) , use of family planning methods (aOR: 0.69; 95% CI 0.66 to 0.71). Factors associated with abortion-related deaths: maternal age [15] [16] [17] [18] [19] (aOR: 7.79; 95% CI 2.73 to 22.23), rural residence (aOR: 3.28; 95% CI 1.76 to 6.11), Schedule tribe social group (aOR: 4.06; 95% CI 1.39 to 11.87). Conclusion Despite abortion being legal, the high estimated prevalence of unsafe abortion demonstrates a major public health problem in India. Socioeconomic vulnerability and inadequate access to healthcare services combine to leave large numbers of women at risk of unsafe abortion and abortion-related death.
InTroduCTIon
Unsafe abortion is one of the preventable causes of maternal mortality 1 yet, of the 55.7 million abortions that occurred globally each year between 2010 and 2014, an estimated 25.1 million (45.1%) were unsafe. 2 Defined by the WHO as "the termination of an unintended pregnancy either by persons lacking the necessary skills or in an environment lacking the minimum medical standards or both," 3 unsafe abortion is strongly associated with maternal complications such as haemorrhage, sepsis and trauma, and is the fourth leading cause of maternal death. 4 Abortion plays a crucial role in the reproductive health of Indian women. 5 An estimated 15·6 million abortions (14.1 million-17.3 million) were conducted in India in 2015. Women in India often turn to unqualified providers for abortion, 6 despite abortion being made legal in the country through the Medical Termination of Pregnancy Act in the early 1970s. 7 While several studies suggest a high prevalence of unsafe abortion and related complications among women of reproductive age group in India, 2 6 8 9 population-level rates of unsafe BMJ Global Health abortion and abortion-related mortality, and their risk factors are not well understood. Previous research and theoretical arguments on abortion in India point to three main and interrelated factors that are important in understanding the context of seeking abortion: (1) women's labour force participation and educational attainment; (2) women's social class and ethnicity; (3) the predominant preference for male children. 10 However, the combined effect of these factors has not been tested empirically. This is crucial to identify populations that are at a higher risk of seeking unsafe abortion in India to prevent maternal complications and deaths. The objectives of this study were to: (1) estimate the rates of unsafe abortion and abortion-related maternal mortality in nine states in India; (2) examine the sociodemographic characteristics of women who have an abortion compared with women who have a live birth; (3) investigate the risk factors for unsafe abortion; (4) investigate the risk factors for abortion-related maternal death in India.
MeTHods
We conducted a secondary data analysis of the 2010-2013 round of India's Annual Health Survey (AHS) to analyse the rate of and risk factors for unsafe abortion and abortion-related maternal deaths in nine states in India.
definitions Based on the WHO definition, we used three criteria to identify 'unsafe abortions' using AHS data: (1) the setting where the abortion was performed (if induced) or completed (if spontaneous); (2) the person who performed or completed the abortion; (3) the gestational age at which the abortion was performed or completed. Abortions were classified as unsafe if they were not performed or completed in a health facility, not performed or completed by a skilled birth attendant, or performed or completed at 20 weeks of gestation (~5 months) or beyond. Abortions at or beyond 20 weeks' gestation were classified as unsafe because of the association with increased risk of maternal morbidity and mortality 11 and because abortion beyond 20 weeks of pregnancy is illegal in India and under such a condition woman may be forced to seek abortion services from unqualified providers. The breakdown of unsafe abortion according to the three criteria is presented in online supplementary table S1.
We combined induced and spontaneous abortion into one category to minimise the risk of misclassification 3 10 as most induced abortions are unreported or reported as spontaneous in surveys for legal, ethical and moral reasons. 12 13 Further, it was considered that determining safety of abortion was more important than examining types of abortion. Rees et al have argued that both induced and spontaneous abortion can result in unsafe abortion and present with complications.
14 data source We used AHS (2010-2013) data. The AHS is a population-based household survey in which self-reported data on maternal and child health, demographics, birth and access to health and family planning services were collected from 4.3 million households in nine less developed states of India (Bihar, Chhattisgarh, Jharkhand, Madhya Pradesh, Odisha, Rajasthan, Uttar Pradesh, Uttarakhand and Assam), representing 50% of the country's population, 61% of births and 62% of maternal deaths. 15 16 The AHS used a stratified simple random sampling (without replacement) to obtain a sample that was representative of and proportional to the size of the selected villages. Survey weights were developed to account for the sampling method. The survey administered four 'schedules' (or questionnaires): (1) Houselisting Schedule, (2) Household Schedule, (3) Women Schedule and (4) Mortality Schedule. Relevant data from all four schedules were merged for this study. Detailed objectives and associated methodology can be found in the AHS Report (Part I. 2014). 16 study sample All women who provided information on their pregnancy (91.3% most recent pregnancy and 8.7% on a previous pregnancy) were included. As in a previous study using the same dataset, women who had an abortion after 28 weeks were excluded as these were most likely to be stillbirths (according to the WHO definition for stillbirth). 15 A total of 1 876 462 women who reported being pregnant during the reference period 2007-2011 were included in the study. The mortality data were extracted from the mortality Schedule of the AHS and 253 abortion-related deaths were included, giving a total of 89 447 abortions in 2007-2011. Among these, 253 women who died and 83 women who survived did not have information to examine the safety of abortion. Therefore, safety of abortion was examined in a total of 89 111 women, of which 58 266 had unsafe abortions and 30 845 had safe abortions. online supplementary figure S1 further illustrates how we derived the samples for each study objective.
Potential risk factors for unsafe abortion and abortion-related deaths We conducted a systematic search and review of the literature to identify risk factors for unsafe abortion and abortion-related death. Informed by the literature review, we developed conceptual frameworks to map the relationships of the risk factors with unsafe abortion (online supplementary file 1) and abortion-related mortality (online supplementary file 1) according to proximity to the outcome, and to guide selection of variables and analysis. Based on the literature review and conceptual frameworks, we grouped the population characteristics/ potential risk factors as sociodemographic characteristics, pregnancy-related characteristics, family characteristics, the use of family planning methods, and health seeking behaviours and mapped these against the available data BMJ Global Health in the AHS. We used survey data about household assets and principle component analysis 17 to derive a measure of household wealth which is thought to be a good proxy of economic status. 18 19 We used data about the number of surviving children and the number of female children to derive the proportion of surviving female children. We considered the following as potential risk factors for unsafe abortion and/or abortion-related death: use of family planning method; place of residence; social group; religion; asset index/wealth; number of total surviving children; proportion of female children; maternal age; maternal education status; antenatal care (ANC) use; marital status; maternal employment; gestational month of abortion. The variables and their categorisation are described in online supplementary file 1. All independent variables reflect characteristics of the household or women at the point of the survey. Baseline groups were chosen as the group with the least potential risk of having unsafe abortion, except for the use of family planning methods and the use of ANC (baseline-higher potential risk).
statistical analysis
There were three outcomes of interest: (1) the outcome of the woman's pregnancy (live birth or abortion); (2) the safety of abortion (safe or unsafe); (3) the outcome of abortion (survived or died). The rate of abortion, unsafe abortion, and abortion-related death and the corresponding 95% CIs were calculated. The denominator for abortion rate was the total number of pregnancies in the reference period (2007) (2008) (2009) (2010) (2011) , and for the rates of unsafe abortion and abortion-related death was the total number of abortions during the same reference period. The characteristics of women who had an abortion were compared with those who had a live birth. We used univariable logistic regression analysis to examine the association between each independent variable and the outcomes (unsafe abortion and abortion-related mortality). Modelling a non-linear association between maternal age and the outcomes using fractional polynomials showed that maternal age acted in a non-linear fashion and was therefore used as a categorical variable.
Multivariable models were built using a stepwise forward regression approach, with our conceptual frameworks used to select the order for including the variables starting from distal to proximal (online supplementary figures S2 and S3). During model building for unsafe abortion we used a p value <0.05 in the univariable analysis as a cut-off for including a variable. We used the Wald test at the 5% significance level to determine if adding a variable significantly improved the model fit. In the multivariable model examining the risk factors for abortion-related death we chose to include all six potential risk factors, regardless of the results of the univariable analysis, because the number of variables available in the mortality dataset was small, and in order to control for confounding effects. Factors whose effects were attenuated by other variables in the multivariable regression were further examined to identify confounding. We calculated the proportion of factors reported to contribute to abortion-related maternal death.
Collinearity between independent variables was explored using pairwise correlation coefficients. We tested for interactions between variables for which there was a strong theoretical rationale. In the risk factor analysis for unsafe abortion, we therefore tested for interactions between employment and residence, employment and wealth, and social group and wealth. In the risk factor analysis for abortion-related mortality, interactions between social group and wealth, and social group and residence were examined. Potential interactions observed using univariable logistic regression were further assessed using the Wald test comparing the multivariable model with the relevant interaction terms with an empty model. No significant interactions were found at the 5% significance level.
We carried out an exploratory post hoc subgroup analysis to investigate the effect of the number of surviving female children in households where all children were female on the odds of unsafe abortion. All statistical analyses were carried out using Stata V.13.1 using the 'svy set' function to account for the stratified and clustered nature of the data. All proportions, means and CIs presented are therefore weighted for design effects and non-response. Two-sided p values <0.05 were taken to indicate statistical significance.
Missing observations per variable were quantified, and we explored the 'type of missingness' by generating a new variable indicating missing data for each risk factor followed by logistic regression analysis to identify factors that predicted missingness. Based on this analysis, data were assumed to be 'missing at random' and three methods were used to address bias due to missing data: missing indicator method, complete case analysis and multiple imputation. 20 The 'missing indicator' model in which missing data were grouped as a separate category was used as the final model. However, to maintain model stability, for variables that had <1% missing data, a separate category for 'missing' was not generated.
study power
For the fixed sample size of 89 111 women who were classified as having a safe abortion and 58 266 who had an unsafe abortion, this study had 90% power to detect an OR of ≥1.29 or ≤0.75 associated with unsafe abortion at p<0.05 (two-tailed) for the risk factor with the lowest prevalence ('other religion' 0.6%), and an OR of ≥1.43 or ≤0.74 for the risk factor with the highest prevalence ('being married' 99.6%) in the study population.
For the fixed sample size of 89 447 women who had an abortion and survived and 253 women who died during or within 42 days of the abortion procedure, this study had 80% power to detect an OR of ≥3.00 associated with abortion-related death at p<0.05 (two-tailed) for the risk factor with the lowest prevalence ('Christian religious group' 0.6%), but not enough power to detect an OR less than one at a clinically meaningful level. This study had 80% power to detect an OR of ≥1.43 or ≤0.74 for the risk factor with the highest prevalence (gestational month of abortion <5; 99.6%) in the study population.
Patient and public involvement
This is not applicable since this was a secondary analysis of anonymous survey data.
resulTs rate of abortion, unsafe abortion and abortion-related mortality Among a total of 1 876 462 pregnant women in the study population, 89 194 women had an abortion leading to an overall rate of 4.8% (95% CI 4.8 to 4.9). The rate of abortion for each state is shown in table 1. The prevalence of abortion was highest in Assam (6.5%) and the lowest in Chhattisgarh (1.6%). Out of 89 111 women who survived and had sufficient information to examine the safety of abortion, 58 266 women were classified as having an unsafe abortion. The overall rate of unsafe abortion was 67.1% (95% CI 66.7 to 67.5) with five out of nine states above the overall rate (online supplementary table S3, figure 1 ). There was a large variation in the rate across the states: Assam had the lowest (45.1%) and Chhattisgarh has the highest rate of unsafe abortion (78.3%). Among a total of 89 194 women who had an abortion, 253 were reported as abortion-related maternal death in the AHS, giving an abortion-related mortality rate of 0.3% (95% CI 0.2 to 0.3) (online supplementary table S4). The characteristics of women who had an abortion and those who had a live birth are presented in table 2. Overall, despite statistically significant differences because of the large sample size, there were no clinically meaningful differences in age, education, residence, religion or social class background between the two groups. Two factors showed wide variation between the abortion and live birth groups. While 85.1% of women who had a live birth reported having some ANC, only 23.1% of women who had an abortion had ANC. This was true even after excluding women who had an early abortion (<12 weeks). Also, a marginally higher proportion of women who had an abortion belonged to the highest quintiles of the asset index.
risk factors for unsafe abortion in India
The characteristics of the women who had an unsafe abortion and those who had a safe abortion are described in table 3. All sociodemographic characteristics (except marital status and maternal employment status) and all other characteristics (except self-reported mental illness) were found to be statistically significantly associated with unsafe abortion, and these associations were not substantially altered after adjustment for all potential risk factors (table 3) .
Compared with women aged 25-29 years, the adjusted odds of unsafe abortion were 13% higher for younger women (20-24 years), and 18% lower for older women (35-39 and 40-44 years). Women living in rural settings had 26% higher odd of unsafe abortion compared with women living in urban settings. Muslim, Christian, or 'other' stated religion were associated with increased odds of unsafe abortion compared with Hindu. Education was inversely associated with unsafe abortion; women with no education were 48% more likely to have an unsafe abortion compared with women with university education or higher. Poorer women (in the lowest asset index quintile) had 45% higher odds of unsafe abortion, compared with women in the highest quintile. In the univariable analysis, belonging to Schedule caste and Schedule tribe social groups was associated with a higher odds of unsafe abortion compared with the 'other' social groups. After adjusting for other risk factors the higher odds of unsafe abortion remained for the Schedule caste group, but for the Schedule tribe social group the association was reversed, with this group having 14% lower odds of unsafe abortion compared with the 'other' social group. Further analysis showed that the substantial change in the adjusted OR (aOR) was largely explained by the confounding effect of asset index (or wealth quintiles).
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Women who had no children at the point of interview had a 30% higher odds of having unsafe abortion compared with women who had one to three children. Compared with women whose children were all boys, women with all female children had 12% higher odds of having an unsafe abortion. This association was not significant if the woman had at least one surviving male child. On further examination through a subgroup analysis, we did not find any significant association between the number of surviving female children and unsafe abortion in households with all female children.
After adjusting for other risk factors, reported use of family planning methods at the point of survey was associated with a 21% lower odds of unsafe abortion. Women who had used ANC had 31% lower odds of unsafe abortion compared with those who did not use ANC. The results of complete case analysis and multiple imputations were not materially different from the 'missing indicator' model (online supplementary table S5).
risk factors for abortion-related maternal deaths in India Of the six potential risk factors investigated (maternal age, place of residence, religion, social group, wealth/ asset index, gestational month), five were statistically significantly associated with abortion-related death (table 4) . We found a non-linear (U-shaped) association between mother's age and abortion-related death (online supplementary figure S4 ). Compared with women aged 25-29 years, the aOR for abortion-related death was approximately eight times higher for women aged <20 years, and two times and four times higher for women aged 40-44, and ≥45 years, respectively. Women belonging to a Schedule tribe social group were four times as likely to die during or after having an abortion compared with the reference 'other' social group, but the association was not statistically significant for women belonging to a Schedule caste social group (OR: 1.38; 95% CI 0.52 to 3.66). Living in rural areas was associated with a higher odd of abortion-related death (aOR: 3.28; 95% CI 1.76 to 6.11). While the results of our missing indicator analysis were not materially different from the other models, one notable difference was that in the complete case model women who had an abortion at a gestational age of ≥5 months had a significantly higher odds of dying compared with women who had an abortion before 5 months (aOR: 4.35; 95% CI 2.53 to 7.50) (online supplementary table S6).
Further analysis of factors contributing to abortion-related maternal death showed that a third of the deaths were due to delays in receiving care at the health facility, 19% were due to inadequate care at health facility and 17% were due to a failure to recognise the seriousness of the condition (online supplementary table S7).
dIsCussIon

Main findings
To our knowledge, this study is the first large population-based study to examine unsafe abortion and abortion-related morality in India. The overall rate of abortion was estimated to be 4.8%, ranging from 1.6% to 6.5% among the nine states. Overall, 67.1% of abortions were classified to be unsafe, varying widely across the states with the highest being 78.3% and the lowest being 45.1%. The overall rate of abortion-related death was estimated to be 0.3% and did not vary appreciably across the states. There were no clinically meaningful differences between women who had an abortion and those who had a live birth, but a significantly lower proportion of the women who had an abortion had ANC, and a higher proportion were educated and belonged to higher socioeconomic status. We found a strong association of unsafe abortion with sociodemographic factors (younger maternal age, lower socioeconomic status, Muslim religion, rural residence, illiteracy, schedule caste social group), healthcare service utilisation (ANC), family characteristics (number of surviving children and proportion of surviving female children) and family planning use. We found that factors associated with unsafe abortions were different from those associated with abortion-related mortality. Teenage women (aged 15-19 years) were found to have the highest risk of abortion-related death in addition to rural residence and lower socioeconomic status. †The 95% CIs were calculated using linearised standard errors p value for a t-test showing the significance level for the overall univariable regression model. ‡Multivariable logistic regression, adjusting for the other variables/potential risk factors in the final model. §P value for a Wald test indicating whether the incremental adjustment for an independent variable significantly improves the fit of the model. ¶N/As are shown because these variables were not included in the final multivariable logistic model. **N/As are shown because the OR associated with the missing category was extremely large, which can be explained by the small number of missing values in each group. † †N/A is shown because the OR was omitted due to collinearity between missing categories. ‡ ‡P value for a t-test showing the significance level for the overall univariable regression model. 
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abortion and abortion-related death at a population level. The rate of unsafe abortion and abortion-related mortality may be underestimated due to underreporting of abortion and misclassification of abortion-related death. Women are often reluctant to report induced abortion regardless of the legal context of abortion. 12 13 Similarly, women might have provided inaccurate information on the three criteria used to classify the safety of abortion. Since the cause of maternal mortality was reported by family members without validation, deaths occurring after having an abortion might have been misclassified as death caused by haemorrhage or pregnancy-related deaths. In an effort to minimise the possibility of misclassification between abortion and stillbirth, women who reported having an abortion after 28 weeks were excluded.
As the survey design was cross-sectional, causality cannot be inferred from the study results. We did not have data on the method of abortion, therefore this could not be used as a criterion for classifying the safety of abortion. However, methods used to estimate unsafe abortion rates vary widely across studies, 2 21-24 and there are discrepancies between how the WHO definition is worded and how it has been practically applied to measure the burden of unsafe abortion. 25 Because there were some factors identified in the literature as important risk factors for unsafe abortion (including, eg, sexual behaviour, partners' approval of abortion, reasons for abortion, pregnancy wantedness and exposure to media), for which data from the AHS were not available, there is a risk of residual confounding. Finally, because death is a rare outcome, this study had restricted statistical power to detect significant associations between risk factors and abortion-related death.
other evidence and implications Our estimates of the prevalence of unsafe abortion in these nine Indian states fit with regional estimates from a study in south-central Asia (57.8%; 95% CI 50.3 to 65.9), 2 but are much higher than in a study conducted in India using data from the 2015 Health Facilities Survey and national abortion medication sales, which concluded that among 15.6 million abortions occurring in 2015, 0.8 million (5%) abortions were unsafe. 8 This discrepancy is possibly because in this latter study unsafe abortion was defined only as a surgical abortion performed outside of a health facility, without considering who performed the abortion or when the abortion was performed.
Our results suggest a pervading theme of vulnerability for unsafe abortion related to low socioeconomic status and teenage pregnancy. While there was an increased prevalence of abortion among educated women, the risks of unsafe abortion, and of death related to abortion, were higher among uneducated women, consistent with previous literature. 22 26 Although the prevalence of abortion was higher among women with higher socioeconomic status, women from lower socioeconomic status, and 'Schedule caste' social group, were more likely to have an unsafe abortion, and to die from abortion-related causes. This is consistent with evidence showing that disadvantaged minority groups in Brazil are at a higher risk of unsafe abortion. 22 Our finding that women belonging to 'Schedule tribe' groups were less likely to have an unsafe abortion might be explained by different health seeking behaviours in women from these groups or may have arisen due to residual confounding. Nevertheless, the risk of abortion-related death was higher in both social groups, indicating the possibility of disparities in access to adequate healthcare for management of abortion complications.
The importance of access to adequate healthcare is also highlighted by our findings on place of residence. Compared with women in urban settings, women living in rural settings were more likely to have an unsafe abortion and more likely to die from an abortion-related cause. More than half (56.28%) of the abortion-related deaths in this study were due to a lack of access to appropriate healthcare (ie, delay in receiving healthcare at facility, inadequate care at health facility and lack of transport to the facility). About 70% of India's population live in rural settings, but safe abortion services are rarely available at rural facilities. 21 In the state of Rajasthan, for example, rural settings had an estimated 0.85 certified abortion facilities per 100 000 population, compared with 3.65 in urban settings. 27 Lack of access to appropriate health services is also reflected in our results in other ways. Our complete case analysis showed that gestational age at the time of the abortion was found to be one of the strongest risk factors for abortion-related mortality, which is consistent with the finding of one study conducted in the USA.
11
Although it was not possible to examine the safety of abortion among women who died, this variable serves as a proxy for unsafe abortion, supporting the evidence that an abortion-related death is most likely to occur after an unsafe abortion. 14 The process of seeking an abortion, or care for complications of spontaneous or induced abortion, can involve multiple visits to different providers, resulting in delays, with potentially devastating consequences. [28] [29] [30] In India, preventing unwanted pregnancies through family planning is a key strategy for reducing abortion rates. 31 32 Access to family planning services, may also be important for reducing the risks of having an unsafe abortion. 23 33 34 Finally, our results also suggest that antenatal check-ups may be important in reducing the risk of maternal morbidity and mortality resulting from complications, even if they plan to seek an abortion.
Beside socioeconomic factors, women's age was significantly associated with unsafe abortion and abortion-related death. Younger women (≤24 years) were at a higher risk of unsafe abortion and risk of abortion-related death was highest among teenage women (15-19 years) . Older women (≥30 years) were less likely to have an unsafe abortion, but were more likely to die as a result of an abortion. Other studies, in Bangladesh 26 and Nigeria, 35 found similar results in relation to maternal age and unsafe abortion. Although female selective abortion (FSA) is illegal in India, the practice is still prevalent.
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Our finding that women with no male children were more likely to have an unsafe abortion compared with women who had at least one male child is consistent with FSA being sought from unregistered and unqualified abortion providers. 3 
39
ConClusIon
The high estimated prevalence of unsafe abortion in India demonstrates a critical public health problem. Consistent with research in other low-and-middle income countries (LMICs), our results demonstrate that socioeconomic vulnerability, teenage pregnancy and inadequate access to healthcare services combine to leave large numbers of women at risk of unsafe abortion and abortion-related death. There is an urgent need to ensure adequate access to family planning, early abortion services and adequate care for management of postabortion complications, particularly in disadvantaged areas. Further research providing empirical evidence on the barriers to safe abortion services in India is essential to reduce unsafe abortions and deaths, particularly in populations identified to be at a higher risk.
